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INTRODUCTION
The pericarp is the outer protective tissue covering the mature corn
seed.

As such, it acts as a deterrent to pathogenic organisms, guards

against physical damage to the embryonic axis, and functions in water
movement (Helm and Zuber, 1972).

In addition to its protective functions,

the pericarp has an important role in the quality of sweet corn.

The ten¬

derness of the pericarp is thought to be the most important of the three
major factors determining sweet corn quality, the other two being consis¬
tency of the endosperm and flavor (Culpepper and Magoon, 1927;

Doxtator,

1937).
Although the tenderness of the pericarp is a major quality factor,
the mode of its inheritance is not completely understood.

Investigations

into the nature of sweet corn tenderness were carried out by Johnson and
Hayes (1938).

However, due to their use of open pollinated varieties,

they were unable to come to any definitive conclusions.

Other workers

have studied the inheritance of pericarp thickness of dent corn and pop¬
corn, sometimes with conflicting results (Richardson, I960; Helm and Zu¬
ber, 1972).

The lack of agreement on the mode of inheritance of pericarp

traits is in part due to methods employed in measuring both the thickness
and tenderness of the pericarp.

It has been observed, however, that as

the thickness of the pericarD increases, the tenderness of the pericarp
decreases (Bailey and Bailey, 1938).

A number of methods to determine
>

the tenderness and thickness have been tried, the most popular of which
is the pressure test (Culpepper and Magoon, 1924).

However, the pressure
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test has a number of faults, and no other method has been found to be com¬
pletely successful in quantifying pericarp traits (Huelson, 1954).
A rapid, accurate method of determining the tenderness of the peri¬
carp and an understanding of the way in which tenderness is inherited
would be of great use to sweet corn breeders.

In addition, the consumers

of sweet corn would benefit from the development of varieties with higher
quality, especially tenderness.
The objectives of this research were to determine:
1.

The range and the variability for the thickness and other morph¬
ological parameters of the pericarp in various races and varie¬
ties of corn and several of its relatives.

2.

The mode of inheritance of the thickness, the number of cell lay¬
ers, and other morphological parameters of the pericarp affecting
pericarp tenderness.

3.

The accuracy and usefulness of the pressure test in measuring
pericarp tenderness.

4.

A rapid and accurate method of quantifying pericarp quality.

3.

LITERATURE REVIEW
Botanical Review
Corn or maize is a cultivated cereal in the grass family, or Gramineae.

As such, it has a number of characteristics common to all grasses.

The stalks (culms) of corn have conspicuous nodes with a single leaf at
each node; each leaf consists of a sheath surrounding the stalk, an ex¬
panded blade and ligule separating the two.

Adventitious roots are often

formed at the lower nodes, and branches tend to arise from the leaf axils.
These branches in corn may form roots at the base and elongate as tillers.
They are usually terminated by either a tassel (male) or an ear (female).
Sometimes mixed inflorescences develop under intermediate conditions.
Botanically known as Zea mays (Linnaeus), corn is classified under
the subfamily Panicoideae and the tribe Maydeae.

AIT the members of this

tribe are normally monoecious, distinguishing them from the members of the
closely related tribe Andropogoneae.

The Maydeae consists of seven genera,

two of which are American in origin, Zea and Tripsacum; of the five remain¬
ing genera, all are oriental, Coix, Chionachne, Schlerachne, Polytoca and
Trilobachne.

Corn, a diploid (2n=20), is one of the three species in the

genus Zea, the other two being teosinte, Zea mexicana (Schrader Kuntze),
also a diploid (2n=20), and perennial teosinte, Zea perennis (Hitchcock),
>

a tetraploid (2n=40).

Corn has further differentiated at the subspecific

level into about 300 races.

As described by Anderson and Cutler (1942),

the individuals of each race have enough characteristics in common to per¬
mit their recognition as a group.
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Corn and teosinte are very similar in appearance and intercross free¬
ly.

The most obvious character distinguishing the two is the pistillate

spike or ear.

In teosinte, the spike is two-rowed and each caryopsis is

borne within a hard fruit case formed from the rachis segment and the endurated outer glume of the enclosed spikelet.

Conversely, the caryopses

of corn are borne openly upon a many-ranked spike enclosed as a whole in
husks.
The Pistillate Spikelet
The pistillate spikelets of corn are borne in an even number of rows
along the axis of a thickened rachis all of which forms the ear.

The num¬

ber of rows normally varies between eight and twenty-four, or more (Ran¬
dolph, 1936).

As mentioned above, the entire spike is enclosed in modi¬

fied leaves or husks.
The individual spikelet is raised on a pedicel (True, 1893).

The

rachilla bears two empty glumes which are thick to fleshy to indurated
at the base, and thin to membranous in the wings (Weatherwax, 1916).

The

spikelet consists of two florets, the lower one of which usually aborts.
In some varieties, most notably Country Gentleman, both florets develop,
causing the kernels to be arranged in an irregular pattern (Stewart,
1915).

Each floret contains two bracts, called the lemma and palea,

which are usually shorter and thinner than the glumes.

Lodicules are

present in both florets, but they are not easily seen in the mature fer¬
tile flower.

Apparently functionless, they are crowded out by the de¬

veloping pistil of the fertile floret and remain rudimentary (Weatherwax,
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1917; Miller, 1919).

There are three primordial stamens in each flower

irregularly spaced around the base of the ovary.
normally do not develop, remaining rudimentary.

However, the stamens
Therefore, the pistil

of the upper flower is the only functional sex organ of a typical pistil¬
late spikelet in corn (Weatherwax, 1917; Miller, 1919).
The Pistil
The functional pistil of corn consists of a unilocular ovary con¬
taining a single highly specialized ovule.
develop into a caryopsis.

After fertilization it may

The pistil is terminated by an elongated silk

or stigmatic style.
The functional structure of the pistil has been a matter of contro¬
versy.

The view that the corn pistil is derived from a single carpel was

held by many early morphologists including Miller (1919).

Other workers,

including Poindexter (1903), Weatherwax (1926), Randolph (1936), Hayward
(1948), and Kiesselbach (1949), felt that three carpels are included in
the formation of the grass pistil.

This tricarpel late view is now gen¬

erally accepted.
The unilocular ovary consists of three carpels which unite edge to
edge to form the ovary wall.

The carpels meet at the base of the silk

where they form the functionless stylar canal, an indentation at the
point of fusion (Kiesselbach, 1949).

The midrib bundles of the two lat¬

eral carpels pass into the silk and their fused marginal bundles supply
the ovary (Randolph, 1936).

Thus, the silk is a double structure pre¬

sumably formed by a fusion of the styles of the lateral carpels.

6.

At the flowering stage, the ovary wall, or pericarp, of the mature
fruit consists of an outer epidermal layer of cells, a thick mesocarp
consisting of numerous layers of thin-walled parenchyma and an inner epi¬
dermis (Johann, 1935).

The parenchyma cells at this stage are capable of

rapid growth by division and cell enlargement.
The ovule is a modified campy!otropous type.

It is inserted near

the base of the ovary where the two lateral carpels are fused.

It lacks

any funiculus or ovule stalk, being attached by approximately one third
of its surface to the bottom of the ovary (Johann, 1935; Randolph, 1936).
The integuments of the ovule consist of two to four layers of thinwalled cells (Haddad, 1931).

The outer integument extends about halfway

around the ovule, ending just beyond the stylar canal into which it forms
a cone-shaped fold.

The inner integument covers the entire free surface

of the ovule, with the exception of the micropylar orifice which is at
the base of the ovule.

The inner integument is in contact with the nu-

cellus over most of its length (Johann, 1935).
The nucellus consists of thin-walled parenchymatous tissue bordered
by a distinct thin-walled epidermis.
strongly cutinized (True, 1893).

The outer walls of the epidermis are

The embryo sac is embedded in the ante¬

rior part of the nucellus at the base of the ovule near the micropylar or¬
ifice (Randolph, 1936).
Development of the_ Caryopsis
Embryo.
the seed.

The embryo develops slowly in comparison with the rest of

The zygote formed by the fusion of the egg and sperm nuclei de-
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velops into the embryo three to four days after fertilization.

Between

fourteen and twenty days after fertilization, the first leaves of the em¬
bryo appear.

Forty-five days after fertilization, the embryo is morpho¬

logically mature.

Some additional strengthening of the vascular system

and seedling leaves occurs during the final stages of embryo formation
(Johann, 1935; Randolph, 1936; Kiesselbach, 1949).
Endosperm.

The rapidly developing endosperm increases in size fif¬

ty-fold in only forty-five days (Randolph, 1936).

During its initial

stages of development, cell division occurs throughout the tissue.

Be¬

tween twelve to sixteen days after fertilization, cell division becomes
localized in several layers of cells in the peripheral region of the en¬
dosperm, while growth in the inner region of the endosperm at this time
consists solely of cell enlargement (Kiesselbach, 1949).

This cambium¬

like activity of the peripheral cells continues until approximately for¬
ty-five to forty-eight days after fertilization when the endosperm cells
cease both cell division and cell enlargement (Randolph, 1936).
The epidermal layer of endosperm cells, which forms the aleurone
layer of the mature corn kernel, undergoes periclinal wall formation un¬
til the eighteenth to twentieth day after fertilization.

As it ceases

meristematic activity, it assumes the characteristics of a distinct epi¬
dermal layer (Randolph, 1936).

Further growth to keep pace with the still-

developing inner endosperm is by anticlinal division and cell enlargement.
Although the aleurone layer is commonly only one cell layer thick, cer>

tain races of corn have been found to have an aleurone consisting of up
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to five layers of cells (Wolf, et. ah, 1971; Nelson and Chang, 1973;
Galinat and Chandravadana, 1977).
Nucel1 us.

The micellar tissue increases in size for a short time

immediately following fertilization (Johann, 1935).

However, the cells

of this region soon begin to break down and undergo resorption by the
rapidly developing endosperm as it expands into the nucellar region (True,
1893).
berized.

The outer wall of the nucellar epidermis thickens and becomes suSixteen to eighteen days after fertilization, the endosperm

reaches and destroys the outer portion of the nucellus (Randolph, 1936).
Haddad (1931), Johann (1935, 1942), and Kiesselbach and Walker (1952)
reported that the cellular portion of the nucellar epidermis was also
destroyed leaving its outer wall as the only nucellar remnant in the ma¬
ture kernel.

True (1893), however, felt the nucellar epidermis was not

destroyed, but merely highly compressed.
Integuments.

The integuments begin to break down in certain local¬

ized areas by the third day after fertilization.

Both integuments are

usually completely broken down by the fortieth day after fertilization.
Haddad (1931), Randolph (1936), and Kiesselbach (1949) observed that all
that remains of the integuments beyond this point is scattered debris be¬
tween the pericarp and semipermeable (nucellar) membrane.

Conversely,

Johann (1935, 1942) noted that the semipermeable membrane consists of the
suberized inner cell wall of the inner integument fused with the suberized
outer cell wall of the nucellar epidermis.
>

Pericarp.

During the development of the caryopsis, the ovary wall
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is transformed into the pericarp.

The change in size is great; the peri¬

carp of the mature caryopsis is eight to twelve times the size of the ova¬
ry wall at the time of pollination.

In addition to the change in size,

the structure of the pericarp undergoes many changes.

Cell walls are

thickened in some areas; cells disintegrate in other areas; entire areas
may be compressed (Randolph, 1936).
At the time of fertilization, the ovary wall consists mainly of thinwalled undifferentiated parenchyma cells with a well-defined epidermal
layer on the outer side, and a more delicate one on the inner side (Jo¬
hann, 1935).

In the strains Haddad (1931) examined, the parenchymatous

tissue consisted of twenty to twenty-five cell layers.

In the early

stages of kernel development, Randolph (1936) observed cells dividing in
the ovary wall, especially near the base of the ovary.

Cell divisions

were also found in the inner region of the ovary wall.

This activity con¬

tinued up to ten to fourteen days after fertilization.

Kiesselbach and

Walker (1952) agreed with Randolph's (1936) findings, but Haddad (1931)
differed, stating that any increase in thickness after fertilization is
due to an increase in the size of the cells rather than an increase in
the number of cells.
The ovary wall, or pericarp, attains its maximum thickness at nine
to twelve days in the crown region, and at fifteen to eighteen days in
the basal region (Haddad, 1931; Randolph, 1936).

This difference is due

primarily to the fact that disintegration of the pericarp takes place at
the crown earlier than the base (Haddad, 1931).
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Beginning in the crown region on the tenth day after fertilization,
and proceeding basipetally up to the eighteenth day, the cells disinte¬
grate near the middle of the pericarp.

This disintegration is followed

by partial resorption of the cells in this central region and then by a
collapse and compression of this tissue.

As a result, a layer of non-

cellular material is left separating the outer and inner pericarp through¬
out the kernel except at the silk attachment and the base of the kernel
(Randolph, 1936).
Further development of the pericarp is entirely different on either
side of this central layer (Kiesselbach and Walker, 1952).

In the outer

region, the cells enlarge greatly and develop thick walls which are heav¬
ily pitted.

They also become closely packed, lacking intercellular spaces,

and the lumina become compressed.
trast, remain thin-walled and soft.

The cells of the inner pericarp, in con¬
They do not enlarge to keep pace with

the rest of the pericarp, therefore the tissue is torn and stretched and
the cells become widely separated (Kiesselbach and Walker, 1952).

The

cells of the inner epidermis do, however, continue to elongate and are
able to maintain their identity as a continuous layer of cells.

These

cells become very long and narrow in longitudinal sections (Randolph,
1936).
In the final stages of kernel development, the pericarp undergoes
some thickening.

Richardson (1960), working with popcorn, noted that

after the pericarp reaches a low point in thickness, due to disintegra¬
tion and resorption, it begins to thicken gradually until the later stages
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of maturity, at which time the thickness remains stable until harvest.
This overall thickening of the pericarp is apparently due to continued
thickening of the cell walls of the outer pericarp.

Randolph (1936) re¬

ported such thickening of the cell walls in this region, especially the
tangential walls.

He also observed, however, that the entire pericarp

is crushed by the developing embryo and endosperm.

This crushing action,

coupled with the cell wall thickening, caused the lumina of the outer
pericarp to become slit-like.

The inner pericarp may persist as scattered

debris between the outer pericarp and semi permeable membrane (Kiesselbach
and Walker, 1952).
The Mature Corn Kernel
The Caryopsis.

The mature corn kernel is a dry, one-seeded fruit in

which the fruit coat or pericarp and seed are tightly fused, forming a
single caryopsis (Inglett, 1970), typical of the grasses (Gray, 1879; Esau,
1965).

However, in certain grasses, Eleusine, Crypsis and Sporobolus, the

connection of the pericarp and seed is less intimate.
sine is almost entirely resorbed.
closed in only a thin pellicle.

The pericarp of Eleu¬

At maturity, the seed of Eleusine is en¬
The pericarps of Crypsis and Sporobolus,

on the other hand, become mucilaginous (Arber, 1934; Hitchcock, 1935).

The

pericarp of corn, although partially resorbed, is more typical of the grasses
forming a tough outer covering which is tightly fused to the semipermeable
membrane (Hayward, 1948).
The mature caryopsis of corn consists of four main parts: tip cap,
>

embryo, endosperm, and pericarp (Wolf, et. ^1_., 1952:1 ).

In addition, the
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semipermeable membrane is of minor importance and is often grouped with
the pericarp.
The Tip Cap.

The tip cap consists of a fragment of the rachilla and

attached lemma and palea.

It accounts for only eight to fifteen percent

by weight of the mature kernel (Hopkins, et. a]_., 1903; Inglett, 1970).
It is composed primarily of star-shaped parenchyma forming a spongy tis¬
sue which may function in water absorption (Wolf, et. aj_., 1952:1 ; Ing¬
lett, 1970).
shelling.

The tip cap usually remains attached to the kernel after

Sometimes, however, the tip cap is broken off exposing the

dark hilar layer of absorbing cells at the base of the kernel (Wolf, et.
al., 1952:1).

It is not consumed by man and has no food value (Hopkins,

et. al., 1903; Earle, et. al_., 1946).
The Endosperm.
Esau, 1952).

The endosperm is the food supply for the embryo

It consists of two distinct regions: a large inner portion

and the aleurone (Wolf, et_. aj_., 1952:1 ).
one cell thick.

The aleurone layer is usually

However, in some strains, it may be up to five cell lay¬

ers thick (Wolf, et. al_., 1971; Nelson and Chang, 1973).

Although the

aleurone comprises only a small part of the grain, it accounts for twenty
to twenty-five percent of the total protein, being the richest in protein
of all parts of the corn kernel (Hopkins, 1903; Inglett, 1970).

Enclosed

by the aleurone, the inner portion stores large amounts of starch.
area is the largest fraction of the mature

This

corn kernel, usually seventy-

five to eighty percent of the total (Inglett, 1970).

But, in some varie¬

ties having mutant endosperm types, this percentage is much lower (Zuber,

13.

et. al., 1960).
The Embryo.

The embryo, or germ, comprises ten to fourteen percent

by weight of the mature corn kernel (Wolf, et. a_l_., 1952:1 ; Inglett,
1970).

It consists of the embryonic axis, which becomes the seedling,

and the scutellum, which is the absorbing organ (Kiesselbach, 1949). The
embryo is very high in oils, containing eighty to eighty-five percent of
the total oil content of the corn kernel (Hopkins, et_. aj_., 1903; Earle,
et. al., 1946).
The Semipermeable Membrane.

The semi permeable membrane, or seed

coat, is the outermost layer of the seed proper.

In the grasses, it is

typically formed by the integuments and acts as a protective coat (Gray,
1879).

In corn, however, the presence or absence of a true seed coat is

much debated.

There is a thin, .6 to 1.3 microns, noncellular suberized

membrane located between the aleurone and the pericarp (Wolf, et. al.,
1952:2).

The origin of this layer is much in doubt.

Randolph (1936),

Poindexter (1903), and Haddad (1931) concluded that the membrane is de¬
rived from the nucellar epidermis and is, therefore, not a true seed coat.
Johann (1935) and True (1893) differ, stating that this tissue develops
from the inner integument, making it a true seed coat.
The protective properties of this membrane are limited.

Due to its

extreme thinness, it can be pierced by fungal hyphae (Wolf, et. al.,
>

1952:2).

The function of protecting the seed from pathogens is assumed

by the pericarp (Kiesselbach, 1949).

The seed coat, however, is semi¬

permeable and allows only certain solutes to reach the embryo (Wolf, et.
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CL!*» 1952:2).

As the seed coat is quite thin, and usually adheres tight¬

ly to the pericarp, it is often grouped with the pericarp under a variety
of names, such as the hull, bran, seed coat, or pericarp (Hopkins, £t. al.,
1903; Orton, 1927; Earle, et. al_., 1946; Inglett, 1970).
The Pericarp.
opsis.

The pericarp is the outermost layer of the corn cary-

In mature dent corn, the pericarp accounts for only three to six

percent of the kernel (Inglett, 1970; Wolf, et. ajl_., 1952:2).
in the presence of certain mutant endosperm types which

However,

reduce the amount

of endosperm, the pericarp may constitute ten to fifteen percent of the
mature kernel (Zuber, et_. a_l_., 1960).
The thickness of the pericarp, as well as a number of other charac¬
teristics, has been found to differ according to the variety (Haber, 1931).
Gaessler, et_. aJL (1940), in a survey of sixteen sweet corn varieties,
found the percent of pericarp to range from 4.3 to 8.5.

Sweet corn gener¬

ally has thinner pericarp than either dent corn or popcorn (Richardson,
1960).

Helm and Zuber (1969) reported that the thickness of the pericarp

ranges from 62 to 160 microns in a number of dent corn varieties.

Var¬

ietal differences also exist in such characters as the number of layers
and configuration of cells in the pericarp, and how tightly the pericarp
adheres to the seed (Zaminyan, 1975; Lebedeff, 1958).

Wilkes (1967) re¬

ported that teosinte has a poorly developed pericarp.
As mentioned above, the thickness of the pericarp and the number of
cell layers are varietal traits.

There are, however, small differences

in pericarp thickness within the individual kernel.

It is thickest over

.
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the abgerminal region, and thinnest over the crown.
face, the pericarp is intermediate in thickness.

Over the germinal

These differences are

due primarily to differential compression by the expanding embryo and
endosperm, rather than differences in the number of cell layers (Wolf,
et. aj_., 1952:2).
Chemically, the pericarp consists primarily of cellulose and hemicellulose (Kiesselbach and Walker, 1952).

Up to forty-six percent of

the cell wall material has been found to be hemicellulose (Wolf, et. al.,
1969:1).

Randolph (1936), on the basis of simple staining procedures,

reported the pericarp to be heavily lignified.
(1952) disagreed.

Kiesselbach and Walker

Using microchemical tests, they found only slight

evidence of 1ignification.

However, the results of their tests indi¬

cated the presence of suberin in the tissue.
The pericarp may be divided into four main layers:

epidermis, meso-

carp, cross cells, and tube cells (Wolf, et. al_., 1952:2).

Since the

pericarp originates as undifferentiated parenchyma surrounded by an epi¬
dermis, this division is primarily due to stretching, tearing, and com¬
pression of the tissue.
The epidermis is the outermost cell layer of the pericarp.

The out¬

er cell wall of this layer is the thickest wall of the entire pericarp
(Wolf, et. al., 1952:2).

Although the outer wall is nonporous, the side

walls are heavily pitted (Kiesselbach, 1949).

In cross sections, the

lumina of the epidermal cells are either slit-like or indistinguishable
due to the thickening of cell walls and compaction caused by the expand-
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ing endosperm.

The outer surface is covered by a cuticle.

While quite

thin, the cuticle is relatively impervious to water (Johann, 1935; Wolf,
et. al., 1952:2).
The mesocarp forms the bulk of the pericarp, consisting of all the
cells between the epidermis and the cross cells.

The walls are thick

and heavily pitted throughout this region (Johann, 1935).

The thickest

walls, however, occur toward the outer edge and progressively decrease
in thickness towards the endosperm (Wolf, £t. al_., 1952:2).
The cross cells form a thin layer beneath the mesocarp.
walls are mostly free and quite thin.

The cell

The cells are stretched at right

angles to the cells of the mesocarp, giving the appearance, in surface
view, of loose bundles of filaments (Wolf, et. aj_., 1952:2).

The cross

cells are the remains of the thin-walled inner pericarp which is subject
to stretching and resorption (Randolph, 1936; Johann, 1935).

Therefore,

the thickness of this region is quite variable at maturity.

In some var¬

ieties, it may be nonexistent due to extreme compaction and resorption
(Kiesselbach and Walker, 1952; Haddad, 1931).
The inner epidermis of the pericarp is formed by a single layer of
cells known as the tube cells (Randolph, 1936).
walls and a small diameter.

These cells have thin

As their walls did not grow to keep pace

with the expanding endosperm, the tube cells do not touch one another.
They remain isolated around the inner edge of the pericarp (True, 1893).
The tube cells are usually collapsed, making them difficult to see in
cross section (Wolf, et. al., 1952:2).
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Functions of the Pericarp
Disease Resistance.
is disease resistance.

The primary function of the pericarp in corn
As mentioned above, corn lacks a well-defined

seed coat and, unlike its closest relative, teosinte, it has no tough
fruit case.

Therefore, the protective functions of these two organs

fall solely on the pericarp (Kiesselbach, 1949).

The pericarp is im¬

portant in resisting infections by micro-organisms (Wolf, et_. al.,
1952:2).

Kernels with broken or damaged pericarp usually do not ger¬

minate and, if they do germinate, the seedling will be quite weak and
susceptible to other infection (Alberts, 1927; Brown, 1920).

Under

field conditions, reduced yields have been obtained from planting seed
with injured pericarp (Meyers, 1924; Koehler, 1957).

Johann (1935) has

found that fungal infections begin at the tip cap rather than growing
through the tougher pericarp.

An important factor related to disease

resistance is the pericarp's function as a check on the internal pres¬
sure of the caryopsis.

If the pericarp does not contain the pressure of

the expanding endosperm, the kernel will split, exposing itself to a
host of pathogens.
Water Movement.

The pericarp is also a major factor in controlling

water movement in and out of the kernel.

Because of the cutinization of

the pericarp, relatively little water is absorbed through its outer sur¬
face (Wolf, et. al_., 1952:2).

However, both the pericarp and seed coat

have shown semipermeable characteristies with respect to certain solutes
and inorganic compounds (Orton, 1927).

The thickness and permeability of
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the pericarp have found to be the most important factors in the drying
rate of corn.

Varieties with thinner, more permeable pericarps, dry at

a faster rate than thicker, less permeable varieties (Lodha, £t. al.,
1977; Crane, et.. aj_., 1959).

By soaking kernels in a killing solution,

Purdy and Crane (1967:2) discovered no change in the rate of water loss,
ruling out any metabolic effects on drying rate.
Effects of the Pericarp on the Quality of Sweet Corn
The quality of sweet corn is determined by three factors: tender¬
ness of the pericarp, flavor and consistency of the endosperm (Culpepper
and Magoon, 1927; Doxtator, 1937; Kramer, et.. al_., 1949).

Of these three,

the one with the greatest effect on overall palatability of sweet corn is
the tenderness of the pericarp (Culpepper and Magoon, 1924; Haddad, 1931;
Doxtator, 1937).
Tenderness refers to the resistance of the pericarp to fragmentation
by chewing (Huelson, 1954).

The degree of tenderness has been linked to

the thickness of the pericarp, as well as to the percent of pericarp.
Bailey and Bailey (1938) reported that the most tender varieties of sweet
corn at a given stage of maturity generally had the thinnest pericarps.
It has been observed that the amount of pericarp per kernel is directly
proportional to the degree of tenderness (Gaessler, et. aJL, 1940).

Kra¬

mer, et. al_. (1949) further demonstrated that the percent pericarp is a
good indication of the tenderness of a variety.
The nutritive value of the pericarp is negligible.

The pericarp con¬

tains a lower percentage of proteins and oils than any other part of the
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kernel (Earle, et. a_l_., 1946).

Hopkins, et_. aK (1903) determined that

the percent protein in the pericarp is inversely proportional to the per¬
cent protein in the entire kernel.
The Mode of Inheritance of Tenderness of the Pericarp
The genetics of pericarp tenderness has been the subject of numerous
investigations with, in some cases, conflicting interpretations of the re¬
sults.

A number of details, however, has been accepted.

In studies among

reciprocal crosses of thin and thick inbreds, it has been shown that cyto¬
plasmic inheritance is not involved with the trait (Richardson, 1960; Helm
and Zuber, 1972).

The heritability of pericarp thickness has been found

to be quite high.

Helm and Zuber (1972) estimated it at over eighty per¬

cent.

Working with the drying rate of corn, which is primarily affected

by the pericarp, Purdy and Crane (1967:1) found the heritability of this
trait to be between fifty-two and eighty-five percent.
The pericarp as maternal tissue is genetically uniform within each
ear, but genetically different from the endosperm and embryo.

It is not

determined by the double fertilization which resulted in the seed it en¬
closes.

Andrews, et. a]_. (1944), however, reported a metaxenia effect on

pericarp tenderness caused by pollen carrying certain mutant endosperm
types.

Further, Linskens, et. aj_. (1974) and Pfahler, et. al_. (1975)

have determined that different endosperm types caused the pericarp to
have different surface relief patterns among cultivars.

Conversely,

Grozmann and Sprague (1948) and Helm, et. al_. (1970:1) found no evidence
of metaxenia in studies on ears segregating endosperm mutants.

Likewise,

.

20

Purdy and Crane (1967:1) reported that the source of pollen did not af¬
fect the drying rate of corn.

They assumed that the pericarp is the

major factor in the drying rate of corn.
The mode of inheritance of pericarp tenderness, despite the work
of several investigators, is not completely understood.

In a series of

crosses between a tender open-pollinated variety and a tough inbred,
Johnson and Hayes (1938) found the F-j hybrid to be intermediate in ten¬
derness.

The F2 generation was more variable than F-| and approached

the tender parent.

Back crossing of the F-j resulted in the rapid re¬

covery of the tender pericarp type.

The tough pericarp was recovered

only after a lengthy backcrossing program.

From these results, Johnson

and Hayes stated that several factor pairs were involved in the inheri¬
tance of the pericarp, and that there was no evidence of dominance of
either tender or tough pericarp.

However, due to the lack of homozy¬

gosity in the tender parent, they were unable to determine the exact
number of pairs affecting pericarp tenderness.
Richardson (1960), working on popcorn quality obtained somewhat
similar results.

In twenty crosses between popcorn inbreds with peri¬

carps of varying thickness, he found the thickness of the pericarp of
the F-j hybrids tended toward that of the thinner parents.

This domi¬

nance effect was especially obvious in crosses involving the thinnest
>

inbreds.

In a second experiment, Richardson (1960) crossed an extreme¬

ly thick pericarp inbred with a thin pericarp one.
pericarp of intermediate thickness.

The F-j hybrid had a

The pericarp thickness of the F2,
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however, formed a discontinuous distribution with approximately seventyfive percent of the progeny resembling the thinner parent, and twentyfive the thicker parent.

Richardson postulated the existance of a single

major dominant gene for pericarp thinness.

Further, due to the fact that

dominance of thin pericarp was seldom complete, he suggested the existence
of a number of modifying genes.
While Richardson (1960) and Johnson and Hayes (1938) disagree on the
degree of dominance of thin pericarp they, along with other authors, do
agree that a number of genes are involved.

It is also generally accepted

that inheritance of this trait is relatively simple and, through selec¬
tion, either thin or thick pericarp types may be easily obtained (Doxtator,
1937; Johnson and Hayes, 1938; Richardson, 1960; Helm and Zuber, 1972).
While it is accepted that pericarp tenderness of sweet corn is a her¬
itable trait, it is also somewhat of a physiological one as well (Heulson,
1954).

The pericarp becomes tougher as the plant matures (Bailey and Bail¬

ey, 1938).

It has been hypothesized that this toughening is due to loss

of moisture (Burton 1922).

The tenderness of the pericarp is also some¬

what dependent on seasonal conditions, especially temperature and humid¬
ity (Magoon and Culpepper, 1926).
Measurement of Pericarp Quality
As the tenderness of the pericarp is a major quality factor of sweet
corn, it has been necessary to find an objective method to measure this
factor.

Many workers have attempted to devise rapid and accurate tests

to determine differences in tenderness with varying degrees of success.

.

22

A number of attempts have been made to quantify subjective tests such as
chewing tests or the thumb nail test where the nail is pressed into the
kernel revealing tenderness and maturity (Appleman, 1921).

Most efforts,

however, have made use of somewhat more objective equipment.
One of the most popular methods has been the puncture test and its
variations.

The puncture test measures the resistance of the pericarp

to puncture by a needle (Culpepper and Magoon, 1924).

This data is gen¬

erally expressed as grams of pressure required to penetrate the pericarp.
This type of test was used with some degree of success on larger fruits
and vegetables (Rosenbaum and Sando, 1920; Hawkins and Harvey, 1919; Haw¬
kins and Sando, 1920).
this test on sweet corn.
glued it to a cork.

Rudnick and Bakke (1920) were the first to use
They removed the pericarp from the kernel and

The pericarp was then punctured by a glass needle

attached to a modified Joly balance.
for general use.

This method was not satisfactory

Culpepper and Magoon (1924, 1927) designed a puncture

meter which could be held in one hand while holding the ear in the other.
Their meter consisted of a spring tension plunger within a glass cylin¬
der graduated in grams.
ture point.

A fine piece of wire was attached at the punc¬

The wire was placed on the crown of the kernel with pres¬

sure applied until the pericarp was punctured.

Using this procedure,

kernels may be punctured on the ear, and many measurements could be made
in a short span of time.
Numerous other investigators have used devices similar to the one
designed by Culpepper and Magoon for measuring sweet corn tenderness.
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However, nearly all workers have expressed some reservations and qualifi¬
cations as to the validity of results from the pressure tester.

Both

Doxtator (1937) and Bailey and Bailey (1938), in studies of sweet corn
tenderness using the pressure tester, pointed out the importance of tim¬
ing when using the instrument, as the pericarp toughens with increasing
maturity.

This fact was further demonstrated by Johnson and Hayes (1938)

who found the pressure required to puncture the pericarp increased by as
much as thirty grams per day.

In addition, Andrews,et_. ajk (1944) have

shown that the underlying tissue has a profound effect on puncture read¬
ings.
Other workers have been stronger in criticizing the pressure test.
Gaessler, et. al_. (1940) and Khalil (1970) felt the test to be inaccurate
unless all the kernels tested were of the same maturity.

The pressure

test was felt by Huelson (1954) to be too inaccurate to reflect the large
number of variables involved.

However, he found no other objective meth¬

od that was satisfactory for determining tenderness.

Too many variables

was also cited by Metzger (1933) as the reason this test did not result
in significant data in his work on sweet corn quality.

Adding to the

list of more obvious variables, Voisey, et_. aj_. (1964, 1965) discovered
that resistance to puncture varies over the crown of the kernel and that
a constant force must be applied to obtain an accurate reading.

They,

therefore, designed an instrument which took these variables into account.
Essentially a puncture tester driven by an electric motor, it is reason¬
ably accurate, but costly.

Furthermore, the device cannot be used in the
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field and is, therefore, rather time consuming (Voisey, ejt. al_., 1966).
Another method that has been used in the evaluation of sweet corn
tenderness is the determination of percent pericarp (McArdle and Desrosier, 1954).

In this procedure, the pericarp is separated from the re¬

mainder of the kernel and weighed.

The weight of the pericarp is then

compared with the original weight of the kernel (Gaessler, et. al.,
1940).

Kramer, et. al_. (1949) found this value, the percent pericarp,

to be a good indication of the quality of sweet corn.

However, he was

not completely satisfied with this test and combined it with two others
to obtain an overall evaluation of sweet corn quality (Kramer, 1952,
1959).
More recently, Wolf, et. al_. (1969) have experimented with a micro¬
meter which measures the thickness of the pericarp.

With this device an

excised strip of pericarp is compressed by a plunger which records the
thickness of the pericarp in microns.

Helm and Zuber (1969, 1970:1,

1970:2, 1972), using a slightly modified procedure, have employed this
technique in several studies involving the pericarp.

Although relative¬

ly rapid and accurate, this technique has one major flaw.

When the peri¬

carp is peeled from the kernel, cleavage is along the lines of least re¬
sistance (Johann, 1935), therefore it is difficult to obtain a pericarp
strip that is neither missing a number of cell layers, nor one that has
no extra tissue, such as the seed coat or remnants of the aleurone layer,
clinging to it.
A histological study of the pericarp, while not an actual measure-
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ment of tenderness, does reveal certain parameters of the pericarp in¬
volved with tenderness.

Both Haddad (1931) and Bailey and Bailey (1938)

have done morphological studies of the sweet corn pericarp in relation
to tenderness.

Most workers examining the pericarp microscopically have

employed a microtome (Johann, 1935; Kiesselbach and Walker, 1952; Wolf,
et. aj_., 1952:2).

Others have found this system too time consuming and

have made free-hand sections (True, 1893; Randolph, 1936; Eden, 1953).
In a microscopic study of the pericarp, Georgiev (1978) found the meas¬
urement of only two sections per kernel to be sufficient in determining
the thickness of the pericarp.
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MATERIALS AND METHODS
Survey of Varieties Studied
To determine the range of pericarp thickness in corn, a study of
the kernel morphology of over fifty varieties and strains was undertak¬
en.

A number of corn's relatives were also sampled.

In addition to

the thickness of the pericarp, the number of cell layers in both the
pericarp and aleurone was recorded for all varieties.
ties, the thickness of the aleurone was also noted.

In some varie¬
The majority of

the items sampled were from seed reserves stored at Waltham, Massachu¬
setts.

Some of them were grown in Waltham during the summers of 1976

and 1977.
Corn-Teosinte Crosses
As corn crosses easily with teosinte, and teosinte is known to
have a thin pericarp (Wilkes, 1967), it was decided to make a number
of corn-teosinte hybrids.
Northern teosinte was hybridized with four sweet corn inbreds in
the summer of 1976 at Waltham, Massachusetts.

The four sweet corn in¬

breds included Hayes White, a very tender inbred; Cl3, a tough inbred;
and P51 and W400a, two inbreds intermediate in tenderness.
the male parent in all four crosses.

Teosinte was

The morphology of the pericarp of

all five parents was examined.
The F-j hybrid of each cross was planted at Waltham on May 28, 1977
in a twelve-plant row.
cedure.

The F] plants were selfed by the standard pro¬

The mature ears were harvested and numbered according to row.
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Since teosinte is homozygous for the starchy gene, the ears harvested
were segregated sugary and starchy.
from each cross were studied.

Both sugary and starchy kernels

However, the Hayes White x N. Teosinte,

and W400a x N. Teosinte, F-j ears, were quite small and did not yield
enough sugary kernels to be sampled.
Corn-Corn Hybridization
To investigate the inheritance of sweet corn tenderness, three sweet
corn inbreds were chosen, 677a-867 (hereafter to be called 677a), an inbred known to have tender pericarp, and Cl3 and C5, two early tough in¬
breds.

Preliminary morphological examination indicated that 677a has a

thin pericarp, and both Cl3 and C5 have thick pericarps.
Two crosses, 677a x C13 and 677a x C5 (677a was the female parent
in both crosses) were made in the summer of 1975 by David Galinat.

The

F-j generations were grown in Florida during the winter of 1975-1976.
The F-j plants were self-pollinated by the standard technique, and the
F2 seed with F-j pericarp were sent to Waltham, MA for morphological
evaluation.
The F^ generation was planted in Waltham on May 28, 1976.

Nine

rows of F2 (677a-C13) and twelve rows of F2 (677a-C5) were planted.
row consisted of twelve plants spaced one foot apart.

All ears were

self-pollinated by the standard technique and the date of pollination
recorded.

The mature ears were harvested after the plants had died,

and each ear was labelled with its row, plant number, and pollination
date.

A
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The pericarp morphology of all the ears that reached maturity from
the nine rows of F2 (677a-C13) and seven of the rows of F2 (677a-C5) was
studied.

However, due to poor germination, disease, and environmental

factors, a total of only seventy-one ears of the F2 (677a-C13) and fiftyfour ears of the F2 (677a-C5) became available.
After the pericarp morphology was evaluated, twenty-five ears from
each cross were selected to be grown out in F3 families.

Twenty-one of

the 677a-C13 ears were chosen because they were found to have thin peri¬
carp.

The remaining four ears were found to have pericarp which was

quite thick.

All twenty-five ears of 677a-C5 chosen to be grown had rel¬

atively thin pericarp.
The fifty F3 families were planted on May 28, 1977 in fifty twelveplant rows.

All the plants were selfed according to the standard proced¬

ure, and the pollination date recorded.

A total of two hundred and eight

ears of F3 (677a-C13), and one hundred and forty-five ears of F3 (677aC5) matured.

These were labeled with their plant, row number, and pol¬

lination date, and harvested.

All three hundred and fifty-three ears

were evaluated morphologically.
Method of Morphological Evaluation
Mature kernels were selected for evaluation because they are easily
stored over long periods of time.

Therefore, a larger number of kernels

might be examined at the mature stage than if the material was at a green
stage.

To insure uniform maturity among the various varieties, the ears

were harvested after the plants had died, and all kernels examined were
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selected from the middle of the ear.
Kernels were prepared for microscopic analysis as follows.
were soaked in water for twenty-four hours.

Kernels

When softened, the crown was

removed and free-hand sections were made on the abgerminal side of the
kernel.

The sections were stained in safranin and mounted in glycerine.

These temporary preparations were then examined under a standard GFL
Zeiss microscope at a magnification of 500x.

This microscope was equipped

with a calibrated occular micrometer which was used at a magnification of
320x.
At a magnification of 500x, it was possible to examine a number of
morphological parameters quickly and accurately.

Among the parameters

that were observed were the thickness of the cell walls of the pericarp,
the degree of compaction of the pericarp, and the size and number of the
uncrushed lumina.

The number of cell layers in both the pericarp and the

aleurone was recorded for all samples.
Photomicroscopy
A standard GFL Zeiss microscope, equipped with a Zeiss Ikon camera,
was used to take all photomicrographs.
was taken at a magnification of 200x.
125x.

The majority of photomicrographs
Several, however, were taken at

The same procedure was used for making preparations for photo¬

graphy as for morphological analysis.
Evaluation of the Pressure Tester
A device to measure the force required to puncture the pericarp, sim¬
ilar to the one used by Culpepper and Magoon (1926), was purchased from
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John Chatilion and Sons, Inc., Kew Gardens, New York.

The pressure test¬

er, model 516-500MRPFR, consists of a precision spring within a tubular
case and a maximum reading indicator which holds the result of a test un¬
til reset.

A scale in gradations of five grams is embossed on the case.

For sweet corn testing, the recommended plunger of .026 inches in diame¬
ter was used.
Pressure tests were performed on the individual plants of the F3
families of 677a-C13 and 677a-C5 during the summer of 1977.

The parents

of these crosses: C13, C5 and 677a, and various other sweet corn inbreds
including Hayes White, P51 and W400a were also tested.

All ears were

tested twenty days after pollination.
Each ear was tested while still on the plant so as to allow the un¬
tested kernels to mature for morphological evaluation.

Twenty days after

pollination, the pollination bag was removed and a portion of the husks
stripped down.

Five kernels in the middle of the ear were tested.

Each

kernel was punctured and the grams of pressure required for penetration
were recorded.

To prevent infection of the ear, the plunger was dipped

in seventy percent alcohol after each kernel was tested.
also applied to the wounded area of each ear.

Alcohol was

After testing, the husks

were pulled back up and the pollination bag replaced to protect the ear
from desiccation and bird damage.
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RESULTS
Survey of Varieties Studied
The pericarp thickness of corn was found to vary widely between dif¬
ferent races, varieties, and inbred strains (Table 1).

As a group, the

sweet corn inbreds and hybrids generally have the thinnest pericarp, while
the popcorns have the thickest.

The dent, flint, and flour corns have

pericarps of intermediate thickness.

Within each group, however, the

thickness of the pericarp varies greatly.
pericarp observed in this study.

Seneca Chief has the thinnest

A tender sweet corn hybrid, its peri¬

carp measures 50 microns in thickness.

On the other hand, another sweet

corn hybrid, Spancross, was found to have a pericarp 148 microns thick,
one of the thickest pericarps seen in any type of corn.

Between these

two extremes are the other sweet corn inbreds and hybrids examined (Fig.
1).

Those varieties that are thought to be high in quality such as 677a,

Hayes White, Tendertreat and Iosweet have pericarp thicknesses approach¬
ing that of Seneca Chief, while those inbreds known to be tough, C13-1,
C13-gl, C4 and C5 were found to have thick pericarps.

The range of peri¬

carp thickness among popcorn varieties is also quite large (Fig. 2).

Ar¬

gentine popcorn, a primitive type, has a pericarp 93 microns thick, while
"Redenbacher's Gourmet Popping Corn", a modern hybrid, has a pericarp ap¬
proximately twice as thick at 180 microns.

The other three groups exam>

ined, flint, flour, and dent corn, were generally found to have pericarp
thicknesses between 85 and 120 microns.

However, L3369, an opaque-2 hy¬

brid from Pioneer International that is high in lysine, has a pericarp
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157 microns thick (Fig. 2).
The number of cell layers in the pericarp was also found to be quite
variable among varieties, ranging from four or five cell layers in Seneca
Chief and Hayes White to twenty or twenty-two layers in Pira Naranja, a
popcorn variety (Table 1).

Sweet corn generally has the fewest number of

cell layers in the pericarp, while popcorn has the greatest.

The number

of cell layers in the pericarp, and the thickness of the pericarp, were
found to be significantly correlated (r=+ .9581).
In all but four varieties sampled, the number of cell layers in the
aleurone is one (Table 1).

Of the four exceptions observed, Argentine

popcorn and Narraganset Flint have only an occasional extra layer within
a kernel, while the ear of Tendertreat examined was open pollinated so
that it may have been a xenia effect of the pollen parent.

Coroico, the

fourth type, is already known to have multiple aleurone.
The thickness of the aleurone was measured in a few varieties (Table
1).

The aleurone layer of sweet corn inbreds and hybrids was found to be

consistently thicker than that of the popcorn varieties.

Furthermore, the

aleurone appears unspecialized (with respect to offering structural sup¬
port) in the popcorns, having small roundish cells with thin walls (Plate
I, Figs. 1 and 3).

In contrast, the aleurone of the sweet corn varieties

appears highly specialized, consisting of large rectangular cells with
thick cell walls (Plates II and III).
Other morphological parameters of the pericarp in which varietal
differences were observed were the thickness of the cell walls, and the
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Table 1.

Pericarp and Aleurone Thickness

Aleurone
Pericarp
Average
Average
No. of Cell
No. of Cell
Thickness
Thickness
Layers
Layers
in Microns
in Microns

Source

Popcorns:
Beadle Pop
Argentine Pop
Tom Thumb
White Cloud
Pira Naranja
Redenbacher's Gourmet Pop
Unnamed popcorn inbred
ii

ii

M

H

ii

ii

ii

ii

ii

ii

ii

n

ii

H

n

ii

ii

ii

ii

it

ii

n

ii

ii

ii

M

ii

Flint, Flour & Dent Corns:
Cuzco
WMT
Narraganset Flint
Sno White Flint
Sno White Flour
B73 x Mol 7
L3369
Relatives of Corn:
Coix
Tripsacum dactyloides
Tripsacum maizar
4n Tripsacum
Northern Teosinte
Sweet Corn Inbreds:
Hayes White
677a-867
Coroico
P51-TB
677a-872
W400a
C5-NT
MCxl 3

5-6
9-10
12-13
14-15

20-22
17-18
17-18
18-19
17-18
17-18

20-22
13-14
12-13
13-14
15-16
16-17
12-13
12-13

10-11
11-12
11-12
15-16
16-17

•

82.5
93.0
108.5
140.0
148.0
180.0
180.0
170.0
165.0
148.0
185.0
128.0
125.0
125.0
160.0
170.0

1
1 (2)
1
1
1
1
1
1
1
1
1
1
1
1
1
1

85.0
91.5
97.5
97.5
97.5

1
1
1 (2)
1
1
1
1

110.0
167.5

31
—
—
—

28
23
-

36
28
23
30
30
40
34
36

—
—

-

2-3
2-3
2-3
2-3
2-3

30.0
28.0
28.0

.

1
1

33
33

-

-

-

28.0

1

28

4-5
5-6
7-8
9-10
8-9
8-9

61.5
57.4
75-0
75.0
78.0

1
1

52
60

3-4

-

100.0

10-11
10-12

102.5
105.0

1
1
1
1
1

-
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Table 1. Continued

Pericarp
Source
Cl 3-1
Hoteville-1
C4
Cl3-ql
Sweet Corn Hybrids:
Seneca Chief
Tendertreat
Tendertreat O.P.
Vineland
Iosweet
Unnamed hybrid
Silver Queen
(677a-867xC5-NT)Sl
(P51xW400a)Sl
(677a-867xC13-l)S1
Spancross

No. of Cell
Layers

10-12
12-13
14-15

Aleurone

Average
Thickness No. of Cell
Layers
in Microns

112.6
120.0

10-12

128.0
139.0

4-5
7-8
7-8
5-6
6-7
7-8
7-8
7-8
7-9
9-11
12-13

50.0
51.0
51.0
57.0
61.0
62.0
69.0
70.3
79.5
80.1
148.0

Average
Thickness
in Microns
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size and number of uncrushed lumina.

A comparison of three sweet corn in-

breds illustrates these differences.

The pericarp of Spancross consists

of cells with very thick walls.

The entire tissue is extremely compressed

and the lumina appear slit-like in cross section (Plate II, Fig. 3).

Ten-

dertreat and Iosweet, on the other hand, have very thin cell walls and
large open lumina throughout the pericarp (Plate II, Figs. 1 and 4). Simi¬
lar patterns may be observed in other varieties.

Cl3, C5, Hopi Sweet Corn,

"Redenbacher's Popcorn", and B73xMol7 all have pericarps which consist of
tightly compacted, thick-walled cells (Plate I, Figs. 1 and 2; Plate III,
Figs. 4, 6 and 7), while the pericarps of 677a, Hayes White, and Silver
Queen consist of relatively thin cell walls and uncompressed lumina (Plate
II, Fig. 5; Plate III, Figs. 1 and 2).

These parameters were observed in

many varieties with varying degrees of expression (Plates I, II and III).
Five of corn's relatives were also examined:

teosinte, Tripsacum

maizar, Tripsacum dactyloides, 4N Tripsacum, and Coix (Tab>e 1).

The

pericarp of all five species was found to be quite thin, approximately
30 microns (Fig. 2).

The aleurone layers of teosinte, Tripsacum maizar,

and Tripsacum dactyloides are also quite thin; 28, 33 and 33 microns, re¬
spectively.

Both the pericarp and aleurone layers appear small in cross

section (Plate IV).

The pericarps of all five species of corn's relatives

consist of two or three cell layers made up of small, thin-walled cells.
>

Only one cell layer forms the aleurone.
so thin-walled and small.

The cells of this tissue are al¬

Furthermore, they are round in shape and re¬

semble the aleurone cells of the popcorns studied (Plate I, Figs. 1 and 3).

.
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Corn-Teosinte Crosses
The pericarps of the F-j hybrids of the four corn-teosinte crosses
are not significantly thicker than the pericarp of the teosinte parent
(Table 2).

Differing degrees of pericarp thickness in the sweet corn

parents apparently did not affect the thickness of the F] hybrids with
teosinte.

The F-| pericarp of the cross between teosinte and the thin

pericarp sweet corn inbred, Hayes White, is approximately the same
thickness as the F-| pericarp of the teosinte hybrid with the thick peri¬
carp inbred C13 as its sweet corn parent.

In the two crosses where both

sugary and starchy kernels were available for morphological examination,
the endosperm types had no apparent effect on the thickness of the peri¬
carp (Table 2).
In contrast to the pericarp thickness, the number of cell layers in
the pericarp is not uniform among the four hybrids.

The number of cell

layers in each hybrid v/as found to be intermediate between teosinte and
its sweet corn parent (Table 2).

In these four teosinte-sweet corn hy¬

brids, no correlation was found between the pericarp thickness and the
number of cell layers in the pericarp (r=+ .1104).
Although approximately the same thickness as the pericarp of teo¬
sinte, in cross section the F-| pericarps physically resemble the peri¬
carp of their respective sweet corn parents.

The pericarp of (Cl3 x N.

Teosinte) F-j is dense and compacted much like its parent Cl3 (Plate III,
Fig. 7; Plate V, Fig. 1).

In contrast, W400a has a pericarp with large

open lumina, which is somewhat loose from the endosperm (Plate III, Fig.

.
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Table 2.

Thickness of F] and Parental Pericarp of Various Sweet CornTeosinte Crosses.

Source

No. of Cell
Layers

Average Thickness
in Microns

N. Teosinte

2-3

28.0

(Hayes White x N. Teosinte) SI, Su

3-5

30.0

Hayes White

5-6

61.5

(P51-TB x N. Teosinte) SI, Su

3-5

38.0

(P51-TB x N. Teosinte) SI, su

3-5

35.0

P51-TB

9-10

75.0

(W400a x N. Teosinte) SI, Su

4-5

35.0

W400a

8-9

100.0

(Cl3-gl x N. Teosinte) SI, Su

7-8

35.0

(Cl3-gl x N. Teosinte) SI, su

7-8

35.0

12-13

139.0

Cl3-gl

.
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3).

This same pattern is seen in the pericarp of its hybrid with teosinte

(Plate V, Fig. 3).

The pericarp of both Hayes White and its hybrid have

a wavy outer epidermal wall and, despite being quite crushed, some of the
lumina of the hybrid pericarp remain open (Plate III, Fig. 2; Plate V,
Fig. 2).

The aleurone layers of the F-j hybrids resemble those of their

sweet corn parents.

They have retained the thick-walled, well developed

cell type typical of the aleurone in sweet corn rather than the small,
roundish cells found in the aleurone of teosinte (Plate V).
Corn-Corn Crosses
The two sweet corn crosses examined, 677a x C13 and 677a x C5, ex¬
hibited similar patterns of inheritance of the pericarp traits.

The peri¬

carp thickness of the three inbred parents is in accordance with the qual¬
ity of those inbreds.

The two inbreds of low quality, Cl3 and C5, were

found to have pericarp thicknesses of 112.6 and 102.4 microns respective¬
ly.

677a, the tender high quality inbred common to both crosses has an

average pericarp thickness of only 57.4 microns.

The standard deviation

from the mean is relatively low for all three parents (Tables 3 and 4).
The F] pericarps of the two crosses are slightly thinner than the
mid-point value between their parents.

The average pericarp thickness

of the 677a x C13, F-j is 80.1 microns, 4.9 microns less than the mid¬
point value of its two parents, while the F-j pericarp of 677a x C5 at
70.3 is 9.6 microns thinner than its parental mid-point value.

Both

the F-| generations have standard deviations smaller than those of the
three parents (Tables 3 and 4).

.
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An analysis of variance reveals a highly significant difference in
pericarp thickness among the three inbreds and the two hybrids.

Duncan's

Multiple Range Test indicates a highly significant difference between
each group at the 1 percent level (Table 5).
Frequency distributions of the pericarp thickness of the F2 genera¬
tion of 677a x C13 are shown in Table 3, and those of 677a x C5, F2 in
Table 4.

In both cases, the variability, as indicated by the standard

deviation, greatly exceeds that of the parents and the F-j generations.
While the means of the F-| generations are only slightly thinner than
the mid-point value of the parents, the means of the F2 generations de¬
viate greatly from that point, both approaching the mean of the thinner
parent.

The mean pericarp thickness of the 677a x Cl3, F2 is 69.1831

microns, only 12 microns thicker than 677a, but 43.5 microns thinner
than Cl3.

No significant differences in pericarp thickness were found

between 677a and 677a x Cl3, F2, or between 677a x Cl3, F-j and 677a x
C13, F2.
6).

All three groups are significantly different from C13 (Table

Only four microns separate the means of 677a

and 677a x C5, F2,

while the F2 with a mean of 61.1574 is 41.25 microns thinner than C5.
In this case, as above, the means of the pericarp thickness of 677a
and 677a x C5, F2, as well as those of 677a x C5, F-j, and 677a x C5,
F2 are not significantly different, while all three groups have means
that are significantly different from the mean of C5 at the 5 percent
level (Table 7).
Both parental types were recovered in the F2 generation of the
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Table 5.

Average Thickness in Microns of 677a, C5, C13, 677a x C13,
F-j, and 677a x C5, F-j.
Source

Average Thickness in Microns

Cl3
C5
677a
677a x Cl3, F]
677a x C5, F-j

112.6
102.4
57.4
80.1
70.3

a
b
c
d
e

Means followed by a different letter are highly sig¬
nificantly different (P=0.01).
Table 6.

Average Thickness in Microns of the Parents, F-j and
?2 Generations of a Cross between 677a-867 and Cl3-1.
Cl 3-1
677axC13
677axCl3
677a

p2

EJ
P1

112.6 a
80.1 b
69.1831 be
57.4 c

Means followed by a different letter are significant¬
ly different (P=0.05).
Table 7.

Average Thickness in Microns of the Parents, F] and
F2 Generations of a Cross between 677a-867 and C5-NT.

C5
677axC5
677axC5
677a

p2
Fi
f2
pi

102.4 a
70.3 b
61.1574 be
57.4 c

Means followed by a different letter are significant¬
ly different (P=0.05).

.
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677a x C13 cross.

However, as indicated above, there is a great prepon¬

derance of F2 plants with pericarp thickness in the same range as the
thinner parent (Fig. 3).

There are a few F2 plants that are thinner

than 677a, but these differences are not significant.

In the crosses

involving 677a and C5, only the 677a phenotype was recovered in the F2.
Two plants out of a population of fifty-four have pericarp thicknesses
that approach the pericarp thickness of C5.

Here again, the majority

of the plants fall into the range of 677a, with a few individuals even
thinner (Fig. 4).
No correlations occur between the thickness of the pericarp of the
F2 and the pollination date.

The r values are quite low for both the

677a x C13, F2 (r = + .1044), and the 677a x C5, F2 (r = + .1432).
The means, standard deviations, and frequency distributions of the
F3 progenies are recorded in Table
Table 9 for the 677a x C5 cross.

8

for the 677a x Cl3 cross, and in

The twenty-five F3 families of 677a

x Cl3, and the twenty-four F3 families of 677a x C5 are listed accord¬
ing to the pericarp thickness of their F2 parent ears.
Within the F3 generation of 677a x C13, individuals exceeding eith¬
er parent in pericarp thickness were recovered and F^ families gave means
ranging from 45.8 to 100.875 microns.

All four F2 parents selected be¬

cause of their thick pericarps gave rise to F3
ly high mean thicknesses.

families having relative¬

Variability within the F3 families is also

quite diverse with standard deviations between 2.081 microns, less than
the F-j, and 15.2007 microns, slightly larger than that of the F2.

No

Frequency Distributions of the Parental, Ft and F2
Generations of the Cross between 677a and Cl3-1.

Average Thickness in Microns
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significant differences in pericarp thickness were found between the F£
parent and the

progeny of this cross.

ence was found within the two groups.

However, a significant differ¬

In addition, the pericarp thick¬

ness of the F2 parents was found to be highly correlated with the thick¬
ness of their F3 progenies (r = + .8678).
The range of standard deviations of the 677a x C5, F3 families is
quite large, ranging from 1.4270 to 18.6982 microns.

However, a number

of the 677a x C5, F3 families are very small, with only two or three
plants in each family.

Therefore, the standard deviation recorded for

those families is somewhat unreliable.
the

The pericarp thicknesses of

parents are not significantly different than those of the F3

progeny.

In addition, there are no significant differences within the

F2 or F3 generations.

The pericarp thickness of the F2 plants is only

slightly correlated with their F3 progeny (r = + .4623).

A number of

individuals within the 677a x C5, F3 have pericarps thinner than that
of 677a, while there are none thicker than C5.

However, contrary to

the 677a x C13 cross, no thick F2 parents were chosen to be grown as
F^ families.

All the F3 families' mean thicknesses are within the range

of 677a, as were their F2 parents.
Due to the fact that no back crosses were made in this study, only
broad sense heritability estimates could be calculated for pericarp
thickness.

For the cross of 677a x Cl3, a heritability of 89% was ob¬

tained, while the cross of 677a x C5 had a heritability of 78% with re¬
spect to pericarp thickness.

Both these estimates indicate a high degree
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of heritability and are comparable to the heritability estimates for peri
carp thickness determined by Helm and Zuber (1972).

These broad sense

heritability estimates were calculated using the mean variance of the non
segregating generations (Allard, 1960).
The pattern of inheritance of the number of cell layers in the peri¬
carp is quite similar to that of the pericarp thickness.

The tender par¬

ent in both crosses, 677a, has an average of 5.4 cell layers in its peri¬
carp.

Cl3 and C5, on the other hand, average 11 and 10.5 cell layers re¬

spectively (Tables 10 and 11).

No variation from the mean is recorded

for either Cl3 or C5, while 677a has a standard deviation of only .2 cell
layers.
The F-| generation of 677a x C5 has an average number of cell layers,
7.5, slightly less than the mid-point value of the parents (Table 11) as
is the case for both F-j generations with respect to pericarp thickness.
Conversely, the 677a x Cl3, F-j has an average number of 9.9 cells in the
pericarp, only 1.1 cell layers less than Cl3.

The difference between the

number of cells in the F-j and Cl3 was not found to be a significant one
(Table 12).
677a x C5.

There was no variation found within the F-j generation of
The members of the 677a x Cl3, F-j show only slight varia¬

tions from the mean, having a standard deviation of only .4899 cells.
The average number of cell layers of both F2 generations is not
significantly different from that of the thinner parent, 677a (Tables 12
and 13).

In addition, the F-j and F2 generations of 677a x C5 are not

significantly different at the five percent level.

The variability, as

Table 10.

Frequency Distributions for the Number of Cell Layers in the Pericarp in the Parents
and Fo Generations of a Cross between 677a-867 and C13-1.
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Table 12.

Average Number of Cell Layers of the Parents, F-| and
Generations of a Cross between 677a-867 and C13-1.
Generation
Cl 3-1
677a x Cl3,
677A x Cl 3,
677a

Average Number of Cell Layers
p2

F1

F2

P1

.

a

9.9

a

6.5634

b

5.4

b

11

Means followed by a different letter are significantly
different (P=0.05).

Table 13.

Average Number of Cell Layers of the Parents, Fj and F2
Generations of a Cross between 677a-867 and C5-NT.
Averaqe Number of Cell Layers

Generation
C5
677a x C5,
677a x C5,
677a

p2

10.5

a

7.5

b

6.5185

be

5.4

c

F1

f2

P1

Means followed by a different letter are significantly
different (P=0.05).
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expressed by the standard deviation, is comparatively large in both F2
generations.

As with pericarp thickness, the number of cell layers of

the 677a x Cl3, F2 is more variable than that of 677a x C5, F2.

The phe¬

notype of 677a was completely recovered in both the 677a x C13, F2 and
the 677a x C5, F2.
er F2.

However, the thicker parent was not recovered in eith¬

A vast majority of the individuals within both F2 generations have

approximately the same cell number as 677a.

This was true despite the

fact that no selection for fewer cell layers was undertaken in the F-].
The cell layer number of the 677a x C5, F2 was found to be highly
correlated with the pericarp thickness of that generation (r = + .9068).
A significant correlation

was also obtained for the F2 of 677a x Cl3

(r = + .6991).
Photomicrographs of representative pericarp sections from each gen¬
eration are included among the plates.

In addition to samples of each

of the parents and F-| generations, segregating pericarp types from the
F2 and F3 are shown.

A thick pericarp Cl3-1ike segregant, and a peri¬

carp of medium thickness from the F2 of 677a x C13 are shown (Plate VI,
Figs. 2 and 3).

From the 677a x C5, F2, a segregant with very thin cell

walls and many open lumina much like 677a is shown (Plate VII, Fig. 3).
Examples of thin and thick pericarp types from the F^ of both crosses
are also included (Plates VI and VII).
Pressure Test
The results of the pressure test proved to be unreliable for a num¬
ber of reasons.

Due to mechanical problems with the pressure tester, the
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readings are not comparable from day to day.

Tests on different ears from

the same inbred produced widely fluctuating results when tested on differ¬
ent days despite the fact that each ear v/as tested twenty days after it
was pollinated.

In addition, F2 ears tested on the same day showed no cor¬

relation between the pericarp thickness and the number of grams required
to puncture the pericarp.

Furthermore, the variability of the grams of

pressure to puncture the pericarp within each ear is quite large, making
a determination of any significant differences between the ears difficult.

.
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DISCUSSION
Survey of Varieties Studied
The comparatively thin pericarp of the sweet corns as a group is ap¬
parently due to selection for a tender pericarp.

Sweet corn breeders have

selected for high quality, tender varieties for many generations.

The

sweet corn inbreds and hybrids that do not have thin pericarps; Cl3-1, Cl3gl, C5-NT, MCxl3, C4 and Spancross are all very early.

In this case the

sweet corn breeder was selecting for earliness and hardiness in the cold,
damp, spring soils, rather than for eating quality.

It is apparent that

adaptability for early-season planting would result in the selection of
types with thicker, more protective pericarps.
Selection for pericarp thickness in popcorn, whether conscious or
unconscious, has been in the opposite direction.

The most primitive type

of popcorn examined, Argentine pop, has a pericarp of one-half the thick¬
ness of the pericarp of a modern commercial variety, "Redenbacher's Gour¬
met Popping Corn".

Although it is objectionable during eating because

its fragmented remains may stick between the teeth, the pericarp appears
to be an important factor in popping expansion.

The longer steam is able

to build up within the kernel, the larger the kernel will expand on pop¬
ping.

A thick pericarp helps contain the moisture (Purdy and Crane, 1967:

2).
The pericarps of the flint, dent, and flour corns, unaffected by
>

conscious selection, are of intermediate thickness.

However, the opaque-

2 hybrid, L3369, shows evidence of selection for a thick, tough pericarp
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to protect against splitting and subsequent disease infection.
As corn's closest relatives all have very thin pericarp, this condi¬
tion would seem to be the wild type.

Teosinte, Tripsacum, and Coix are

under no natural selective pressure to develop a thick pericarp because
they have a hard fruit case protecting the kernel from pathogens.

In ad¬

dition, the fruit case protects the kernel from splitting due to internal
pressure during growth.
The strong correlation between pericarp thickness and cell number of
the varieties in this survey indicates that thickening of the pericarp is
primarily a result of additional cell layers.

This highly significant

correlation may be due, in part, to the large numbers of individuals at
either extreme, while there were comparatively few in the intermediate
range.
Although the primary function of the aleurone is the breakdown of
food for transport to the embryo during germination, it may also act as
a check on the internal turgor pressure of the developing kernel.

The

aleurone layer of the popcorns and of corn's relatives consists of thinwalled small cells, while that of the sweet corns is made up of large
thick-walled cells.

As thin pericarp was selected for in the sweet corns,

more highly developed aleurone may have also been selected.

This spe¬

cialized aleurone may act as structural support for the thinner pericarp.
Popcorns, with their thick pericarp, and corn's relatives with their fruit
case, have strong outer structures to prevent splitting due to internal
pressure and have no need to develop a more supportive aleurone.
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Corn-Teosinte Crosses
The most striking result of the four corn-teosinte crosses is that
all four F-j hybrids have approximately the same pericarp thickness as
that of teosinte.

The four corn parents having various pericarp thick¬

nesses seemingly did not affect the thickness of the hybrids.

The data

from the four crosses would indicate complete dominance for thin peri¬
carp, representing the wild type pericarp.

This apparent dominance of

the wild type is in accordance with the observation that the majority of
characters, or at least of the most obvious characters, of most domestic
breeds depend upon mutations recessive to the wild type (Fisher, 1931).
However, as no F2 or backcross generations of these crosses were exam¬
ined, it is not possible to determine whether thin pericarp is actually
dominant and how many genes might be involved in the inheritance of this
trait.
In contrast to the expression of thin pericarp in the F-j genera¬
tions, the number of cell layers of the F-j was found to be intermediate
between the two parents in all four teosinte crosses.

This fact, along

with the low correlation found between cell number and pericarp thickness
in the corn-teosinte crosses, might indicate that different genes control
the two traits.

In addition, the thin pericarp of the F-j hybrids exhib¬

ited other morphological characters which were very similar to those of
their sweet corn parents.

These, too, might be inherited independently
>

of pericarp thickness.

Therefore, a number of genes would seem to be in¬

volved in the inheritance of pericarp morphology.

As mentioned above,
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however, no F2 or backcross generations from the teosinte crosses were ex¬
amined, making it impossible to confirm this theory.
As no differences in pericarp thickness or cell layer number betv/een
sugary and starchy kernels of P51-TB x N. Teosinte,
sinte, F-] were found, metaxenia was not a factor.

F-\

or C13 x N. Teo¬

These results are in

agreement with those of Grozmann and Sprague (1948) and Helm, et. al_.,
(1970:1) with regard to sugary kernels.
Corn-Corn Crosses
The data concerning the pericarp thickness of the parental, F-j and
F2 generations of the two crosses, 677a x Cl3 and 677a x C5, do not indi¬
cate a simple dominance-recessive pattern of inheritance.

Both F-j gener¬

ations, while slightly thinner than the mid-parent value, are significant¬
ly different from the thinner parent suggesting a lack of dominance for
thin pericarp, as was observed in the corn-teosinte crosses.

The F2 gen¬

eration of each cross, on the other hand, forms a large continuous dis¬
tribution, indicating that more than one gene pair is involved in the in¬
heritance of pericarp thickness.

This agrees with the results of Johnson

and Hayes (1938), who theorized that a number of genes controlled pericarp
thickness.

In addition, the distributions of the F2 populations are

skewed far to the thinner side with a great majority of the individuals
approximately the same thickness as the thinner parent.

The means of

the F2 generations are not significantly different from that of the thin¬
ner parent.

This pattern of inheritance is quite similar to the one ob¬

served by Richardson (1960) while working on the inheritance of pericarp
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thickness in popcorn.

He hypothesized that the inheritance of popcorn

pericarp was controlled by one dominant gene for thinness, and a number
of modifiers for thickness.

The F-j generation would be intermediate be¬

tween the two parents due to the joint action of the dominant gene for
thinness and the thick modifier complex.

In the F2, as the modifier com¬

plex segregates, due to random assortment, the effects of the dominant
genes are more visible.

With a few modifications, this also seems to be

the mode by which the pericarp thickness of sweet corn is inherited.
While the means of the F-| generations are slightly thinner than the
mid-points or arithmetic averages of their parents, they are closer to
the geometric mean of the parents.

In the case of 677a x Cl3, F-j, its

mean is 80.1 microns, it parents' arithmetic mean is 85 microns.
ever, the geometric mean of its parents is 80.3942 microns.
eration of 677a x C5 has a mean of 70.3 microns.

How¬

The F-j gen¬

The arithmetic and

geometric means of its parents are 79.9 microns and 76.6665 microns re¬
spectively.

While these differences are small, they, along with the

highly skewed curves of the

F? generations, indicate the possibility of

multiplicative gene action in the direction of thinness rather than ad¬
ditive gene action.
Additional evidence of the existence of a number of modifiers in¬
volved in increasing the pericarp thickness is found in a comparison be¬
tween the F-| and F2 generations of 677a x C13, and the F-j and F2 gener¬
ations of 677a x C5.

The mean pericarp thickness of the 677a x Cl3, F-j

was found to be significantly thicker than that of the F-j of 677a x C5.
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This pattern was also true in the F2, with the mean thickness of the 677a
x Cl3, F2 thicker than that of the 677a x C5, F2.

In addition, the C13

parental type was recovered in the F2 generation of the cross between it
and 677a.

This, however, was not the case in 677a x C5, F2, where only

the phenotype of the thin parent, 677a, was recovered.

These differences

are evidently due to genes contributed by the thicker parents as the thin
parent was the same in both crosses.

The fact that the pericarp of C13

is significantly thicker than that of C5 suggests an answer to these ap¬
parent inconsistencies.

C13 appears to have either more numerous or more

potent modifiers for thickness than C5.

The accumulation of a large num¬

ber of modifiers for greater pericarp thickness would be the outcome of
selection for early sweet corn types in which

toughness of the pericarp

is an advantage.
If Richardson's theory of one or two major genes for thinness is
true for sweet corn, a number of F3 families would be expected to be high¬
ly variable, segregating thin and thick types; other families should be
fairly uniform with some variability due to the segregation of modifiers.
The standard deviation of each family gives some indication of the vari¬
ability (Tables

8

and 9).

As expected, a high degree of variability is

seen in certain families, while others have smal1 standard deviations.

As

the majority of families had F2 parents with very thin pericarp and there¬
fore, fewer modifiers for thickness, even those families segregating the
major dominant gene might not contain any individuals having great peri¬
carp thickness.

Examples of this might be families 1024 in Table

8

and
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1051 in Table 9.

Both families show a high degree of variability indica¬

ting a segregation, however, in either family the thickest pericarp was
only slightly greater than 80 microns.

Two families, 1001 and 1036, were

the progeny of parents with pericarp of intermediate thickness and, there¬
fore, a greater number of modifiers for thickness.

In both cases, there

was a high degree of variability, and some individuals having pericarp
thicknesses approaching those of the thicker parent.

Four F3 families

of 677a x Cl3 were the progeny of F2 individuals with thick pericarps.
All four families were quite variable, apparently the result of recombi¬
nation among the modifiers.

Two of the families had mean thicknesses

somewhat thinner than their parents, but not as thin as 677a.
Two further observations may be made in reference to the F3 families.
First, the pericarp thickness of the F2 is generally an indication of the
mean pericarp thickness of its F3 progeny.

This is corroborated by the

high correlation between the two groups, especially in the 677a x Cl3
cross.

A possible explanation of the somewhat lower correlation between

the two groups in the 677a x C5 cross is the lack of any extreme groups
such as the four 677a x Cl3, F2 parents with thick pericarp.

Second, F3

progenies with significantly different pericarp thicknesses may be pro¬
duced by selection of F2 groups as parents.

As there are no significant

differences between the F2 and F3 as groups, while there is a highly sig¬
nificant difference within the groups, a large difference between families
>

is indicated.

Inspection of Table

8

shows the large difference between

the four thick families and the twenty-one thin ones.
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Unlike the corn-teosinte crosses, the number of cell layers and the
pericarp thickness are highly correlated in the two corn-corn crosses. In
addition, the mode of inheritance of cell layer number generally appears
to be quite similar to that of pericarp thickness.
ception is evident.

However, one major ex¬

The number of cell layers in the F-j of the 677a x C13

cross is not significantly different from that of the thicker parent.
This is in contrast to the pericarp thickness of the F-| in both crosses,
and the cell number in the 677a x C5, F-j which are all intermediate be¬
tween the two parents.

It is, however, similar to the results observed

in the corn-teosinte crosses.

The answer to this apparent inconsistency

may actually be a blending of the observations from the corn-teosinte
crosses and from the corn-corn crosses with respect to pericarp thickness.
As postulated from the results of the corn-teosinte crosses, peri¬
carp thickness may be inherited independently of cell number.

In the

corn-corn crosses, it was theorized the C13 has accumulated many differ¬
ent modifiers for thick pericarp.

In this case, Cl3 may have accumulated

one or more potent modifiers for a high number of cell layers.

As the

high number of cells is lost in the F2 of 677a x Cl3, it seems that two
or more modifiers might be involved in this trait.

In the case of 677a

x C5, the results are quite close to those observed with regard to peri¬
carp thickness, and this would imply that C5 does not have many or as
potent modifiers for number of cell layers as does C13.
A very high heritability for pericarp thickness was observed in the
case of 677a x C13, while a slightly lower one was recorded for 677a x C5.
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Both, however, were significant.

Although broad sense heritabilities,

they are considered good estimates of actual heritabi1ity.

Estimates of

eighty-nine percent (89%) and seventy-eight percent (78%) are similar to
those recorded by Helm and Zuber (1972) and Purdy and Crane (1967:1).
Helm and Zuber stated that estimates this high are higher than those ob¬
served for other traits, such as ear weight, ear height, and plant height.
Pressure Test
The results of the pressure test were inconclusive due to a number
of factors.

The proper functioning of the pressure testing device was

hindered by a number of mechanical problems.

Clogging of the mechanism

by dust and pollen caused a majority of these problems.

When the main

spring of the device is clogged, the accuracy of the pressure tester is
very low.

Tests on individual ears within an inbred line were not at

all comparable.

As tests were performed in the field, it was impossible

to keep the device adequately clean.
Another major problem with the use of the pressure tester in an ex¬
periment of this kind became apparent.

This problem is to determine when

to perform the test on an individual ear.

The pericarp rapidly becomes

tougher as the ear matures (Bailey and Bailey, 1938; Johnson and Hayes,
1938).

In this experiment, it was decided to test the kernels twenty days

after they were pollinated.

This method would be satisfactory if all the

ears to be tested were pollinated on the same day.

It became obvious,

however, that the plants pollinated earlier in the summer would be more
mature after twenty days than those pollinated later in the season.

This

65.

is because the kernels that were pollinated early in the season would be
exposed to weather and environmental conditions optimal for rapid growth.
Ears pollinated later, on the other hand, develop during cooler shorter
days, resulting in slower growth.

Ears pollinated at different times in

the season would, therefore, be at different stages of maturity twenty
days after pollination.

Magoon and Culpepper (1926) stated that tender¬

ness is in part related to seasonal conditions.
A determination of the relative maturity of the kernels is necessary
to obtain comparable results between ears pollinated on different days.
A test of the moisture content of the kernels might be an adequate indi¬
cation of the comparative maturity.
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CONCLUSION
Survey of Varieties Studied
The thickness and number of cell layers of the pericarp are highly
variable among corn varieties.

The sweet corns as a group generally have

the thinnest pericarp, while the popcorns have the thickest.
however, a great deal of variation within groups.
teosinte, Tripsacum and Coix,

There is,

The relatives of corn,

have a thin, two or three cell-layered

pericarp with little variation between species.
Corn-Teosinte and Corn-Corn Crosses
The results of these experiments,when combined, indicate a pattern
of inheritance much like the one outlined by Richardson (1960): one or
two potent genes coding for thin pericarp, and a large number of genes
modifying for thick pericarp.

Teosinte apparently is homozygous for

thin pericarp and, due to its hard fruit case, was under no selective
pressure to develop modifiers for thick pericarp.

Therefore, when

crossed with corn varieties, the thin pericarp of teosinte appeared dom¬
inant.

In the case of 677a, this sweet corn variety also appeared to be

homozygous for thin pericarp;

however, as it has no protective fruit

case, it may have accumulated a number of weak modifiers for thick peri¬
carp.

Cl3 and C5, on the other hand, seem to lack the genes for thin>

ness and, due to selection for strains that germinate in cold spring
soils, must have accumulated large numbers of modifiers for thick peri¬
carp.

Evidence of the large number of modifiers is found in the differ¬

ences in the pericarp thickness of the F-j,

anc* ^3 generations between
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the 677a x C13 and the 677a x C5 crosses.
It is evident that through simple selection procedures one should be
able to accumulate genes for either thin or thick pericarp.

The very high

broad sense heritabi1ities for pericarp thickness obtained in this experi¬
ment support this statement.

In addition, the high correlations between

the pericarp thicknesses of the F2 parents and those of their F3 progeny,
and the significant differences obtained between F3 families, show that
selection can be effective in the F2 generation.
Pressure Test
The pressure test was found to be inadequate for field use.
laboratory conditions, however, the test may be useful.

Under

The instrument

used must be kept clean, which is quite difficult in the field.

Further¬

more, the kernels to be tested must be of uniform maturity, a qualifica¬
tion which is very difficult to meet in the field.

However, in the lab¬

oratory, certain relatively easy tests are available to determine maturi¬
ty.
Microscopic Evaluation
Microscopic evaluation is a relatively rapid method of determining
the thickness and the number of cell layers in the pericarp.

While not

actually a measurement of tenderness, as mentioned previously, tender¬
ness of the pericarp decreases as the pericarp thickness increases (Bail¬
ey and Bailey, 1938).

This method also reveals other morphological para¬

meters of the pericarp which are not evident in any other type of test.
An additional advantage of microscopic evaluation of mature kernels is
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that it may be done in the laboratory during the winter so as not to inter¬
fere with the busy pollinating season.
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APPENDIX

Photographic Plates

PLATE I.

Non-Sweet Corn Types:

Cross sections of

the kernel showing the pericarp, aleurone,
and endosperm.

Fig. 1 .

"Redenbacher's Gourmet Popping Corn".

Fig. 2 .

B73 x MOT 7.

Fig. 3 .

Argentine popcorn.

Fig. 4 .

L3369 - and opaque-2 hybrid.

Fig. 5

Cuzco flour corn.

200x

125x

125x

125x

125X
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PLATE I.

>
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v

Fig. 2
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PLATE II.

Sweet Corn Hybrids:

Cross sections of the

kernel showing the pericarp, aleurone, and
endosperm.

Fig. 1.

Tendertreat. 125x

Fig. 2.

Tendertreat (open pollinated) showing multi
pie aleurone. 125x.

Fig. 3.

Spancross.

Fig. 4.

Iosweet.

Fig. 5.

Silver Queen.

125x

Fig. 6.

Seneca Chief.

125x

125x

125x
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PLATE II.

PLATE III.

Sweet Corn Inbreds:

Cross sections of the

kernel showing the pericarp, aleurone and
endosperm.

Fig. 1.

677a-867 (germinal side).

125x

Fig. 2.

Hayes White.

Fig. 3.

W400a.

Fig. 4.

Hopi Sweet Corn (Hotevilla -1).

Fig. 5.

P51-TB.

Fig. 6.

C5-NT.

125x

Fig. 7.

Cl3-1.

125x

125x

125x

125x

125x
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PLATE III.

Fig. 1

PLATE IV.

Corn's Relatives:

Cross sections of kernels

showing the pericarp, aleurone and endosperm.

Fig. 1.

Northern teosinte.

Fig. 2.

Tripsacum dactyloides.

Fig. 3.

Tripsacum maizar.

Fig. 4.

4N Tripsacum.

200x

125x

200x

200x
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PLATE IV

Fig. 1

Fig. 3

PLATE V.

Teosinte-Corn Hybrids:

Cross sections of

kernels showing the pericarp, aleurone and
endosperm.

Fig. 1.

Cl3 x N. Teosinte, F-,.

125x

Fig. 2.

Hayes White x N. Teosinte, F-j.

Fig. 3.

W400a x N. Teosinte, F-j.

Fig. 4.

P51-TB x N. Teosinte, F-j.

125x

125x

125x
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PLATE VI.

F.j, F^, F^ Generation of 677a x C13: Cross
sections of the kernel showing the pericarp,
aleurone and endosperm.

Fig. 1.

677a x Cl3, F .

Fig. 2.

677a x C13, F£, thick segregant.

Fig. 3.

677a x C13, F^, thin segregant.

Fig. 4.

677a x C13, F3, thick segregant.

Fig. 5.

677a x C13, F^, thin segregant,

200x

200x

200x

200x

200x
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PLATE VI

Fig. 4

Fig- 5

PLATE VII.

Fi,

^3

Generations of 677a x C5: Cross

sections of the kernel showing the pericarp,
aleurone and endosperm.

Fig. 1.

677a x C5,

.

125x

Fig. 2.

677a x C5, F2, thick segregant.

Fig. 3.

677a x C5, F2, thin segregant.

Fig. 4.

677a x C5, F3, thick segregant.

Fig. 5.

677a x C5, F^, thin segregant.

200x

200x

200x

200x
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PLATE VII

Fig. 4

Fig. 5

